ABSTRACT
Language impairment due to hearing loss is a preventable condition, provided that it is diagnosed and managed early in life. Hearing loss, if not detected and addressed at an early age, not only leads to speech and language difficulties, but may also lead to poor cognitive, social, and emotional development. 1 This reality has led several countries and organizations to advocate a universal system of newborn hearing screening in order to ensure early detection and provide opportunities for early intervention. In the United States, several groups such as the Joint Committee on Infant Hearing, the American Academy of Pediatrics, Centers for Disease Control and Prevention, and Healthy People 2010 have formulated and implemented recommendations. By 2007, 37 states in America had enacted legislation requiring that hearing screening be performed on all newborns in hospitals and birthing centers. 2 At present, the accepted standard of care for newborn hearing screening is Otoacoustic Emissions (OAE) and/or Auditory Brainstem Response (ABR). These are reliable tests that are based on physiologic responses, making the results objective, in contrast to other tests that rely on an observer's assessment of specific responses. Different countries and hospitals have their own protocols for newborn hearing screening, such as: (1) OAEs before a newborn is discharged, followed by an outpatient OAE re-screen for those who did not pass the first OAEs, (2) OAE inpatient screening and ABR re-screen for those who did not pass, (3) OAE and ABR inpatient screens, and (4) ABR inpatient and ABR re-screens. 1, 3, 4 These protocols depend on the standards set by the institution, balanced by the availability of resources, so that the protocol can be applied to the most number of individuals. In the Philippines, the newborn hearing screening act or Republic Act 9709 has already been signed into law. Its purpose is to "institutionalize measures for the prevention and early diagnosis of congenital hearing loss among newborns and the provision of referral, early intervention, counseling and other support services of newborns with hearing loss. " 5 However, a primary barrier to the implementation of a universal health system in developing countries such as ours is the lack of affordable, reliable, and easy-to-use methodology that can be employed in farflung communities. In the Philippines, OAE machines are usually found only in tertiary institutions or in the city, and are almost unheard of in rural areas. In a developing country, only very few local government units and hospitals are willing to invest in these instruments, as they give priority to more life-threatening and emergent health problems. 6 The number of those who can operate these instruments is even more limited.
Provision of these hearing screening instruments to all the local government units in the country may take a long while given the country's present economic situation. As time passes, more and more deaf babies will grow up past the critical age with their condition undetected. The incidence of bilateral congenital profound hearing impairment is about 1.3 per 1000 Filipino newborns. 7 For the year 2010, the number of live births in the Philippines was estimated to be over 2 million. 8, 9 With these figures, about 2,600 profoundly deaf babies are born every year, majority of which are born at home or in centers without newborn hearing screening equipment. This number still excludes those with milder forms of hearing loss that are also at risk for some degree of speech and/or language impairment.
With the desire to improve early detection of hearing loss and reach the greatest number of population, we were in search of a reliable and simple hearing screening technique.
In 1930, a study by Bryan noted that blinking, startling, and stirring reactions in response to a loud sound is typical for newborn infants. 10 Several behavioral tests have then been developed relying on observation of the behavior of the infants and children being tested. Although the older literature may find some responses to be less reliable to diagnose hearing loss, the auropalpebral reflex in the newborn has been established. Similar to the moro test as an indicator for neuromuscular development of infants, the auropalpebral reflex might be useful as a screening tool for possible hearing impairment. 10, 11 In the Philippines, a pilot study was done by Abes et al., to test the validity of human voice as the loud sound stimulus that may be used to provoke reflexive reactions from infants. Results of the study showed that the sound "Baah" covers both high and low frequencies (150-5000hZ) which is similar to the frequencies tested by the OAEs. This is in contrast with the other sound investigated (i.e., "Psst") that carries only high frequency tones, which, if used for hearing screening, may falsely label as profoundly hearing-impaired those with residual hearing at low frequencies. It has also been found that at a distance of 1 meter, 85% of males and females recited the word "Baah" at an intensity of 80db SPL or louder, in contrast with "Psst" that was produced in lower and more variable intensities. Hence, if the goal is to prioritize early detection and referral of the profoundly hearing impaired children, the sound "Baah" appears to be the more appropriate sound stimulus. 12 Based on these data, this study was developed to test whether the sound "Baah" and the reflexive response of newborns may be used as a screening tool for identifying possible hearing impairment in a newborn.
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METhODS

Study Design
This was a cross sectional study. The research protocol was presented to and approved by the Research Committee of the Department of Otorhinolaryngology of the Philippine General Hospital, and abided by the Helsinki Declaration.
Setting
The study was performed in a quiet, enclosed, air-conditioned room designated for OAE testing at the Ear Unit of the Philippine General Hospital, a tertiary national university hospital. The baby was laid on a flat bed while the parent or guardian was seated on a designated area at bedside.
Participants From April to September 2011, parents of infants six months old or younger sent for OAE testing during the duty schedules of the tester and observer were asked to enroll their child in the study, hence, convenience sampling was used. For each of the parent or guardian, detailed information regarding the study was provided in a written form, which was supplemented by verbal explanation for all the recruits. A consent form was signed by the parent or guardian upon agreement to participate in the study.
Inclusion criteria were: (1) male and female infants from 0-6 months old, (2) with parent or guardian's informed consent, (3) with developed ear canal for OAE testing. Excluded were those (1) without consent from the parent or guardian, (2) those with ear canal deformity in which the OAE probe could not be inserted. All infants sent to the ear unit were stable and comfortable in room air since OAE testing is an elective procedure.
Calibration of stimulus intensity Ten infants were recruited for a pilot study which were also obtained from the OAE referrals at the Ear Unit. A single designated tester was trained to provide the voice stimulus ("Baah"). These initial 10 infants were not counted in the total number of subjects in the study. The trained tester and observer were both technicians working at the Ear Unit. An A-and-C-weighted sound level meter (TES-1350A digital sound level meter, TES Electrical Electronic Corp., Taiwan) was placed beside the infant's head during the "Baah" test for all the infants. The stimulus was produced by the trained tester, whose mouth was at a set distance of one foot away from the head of the infant. The tester took two deep breaths and then produced the sound "Baah" in a sudden manner, as described by Abes, et al. 12 Based on the sound level meter, the stimulus produced was consistently recorded between 80 to 95dB SPL intensity during the pilot study. A single observer was trained to observe and record the response of the infants. The most common reflex demonstrated was either blinking or a more forceful and sudden shutting of the infants' already closed eyelids. Additional responses were startling and stirring reflexes demonstrated by sudden head and body movement right after the sound was produced. The observer records the response as "present" if the infant demonstrated one or more of the responses above, and "absent" if none of the above responses was observed.
Intervention or observation procedures
The baby was placed at the designated quiet room and laid on a bed. Once the baby had settled and was in a quiet state, OAE (DP-OAE) was administered in each ear using OtoRead TM OAE Test Instrument (Interacoustics®, Denmark). The OAE was tested by one of the five trained audiologists designated for the day. The OAE test instrument automatically started the test once the ambient noise was acceptably low and a seal was produced with a probe in the infant's ear canal. When a "refer" result appeared, the ear probe was removed, the baby's ear was massaged to release ear canal retraction, and the test was again repeated when the infant was settled. If "refer" was again obtained, the result was recorded as "refer" in that ear. If "pass" result was obtained on the first or second test, then the result was recorded as "pass. " The audiologist recorded the result on the official form and left the room. The trained tester and observer then entered the room, blinded to the OAE result. The tester positioned herself at the vertex part of the head of the infant, with her mouth one foot away from the infant's head. The trained observer positioned herself at the side of the infant to focus on its facial reactions.
The tester then provided the stimulus "Baah" and the observer recorded the presence of absence of response. The stimulus was provided two to three times, depending on the infant's response.
The investigator then collected and tabulated the data provided in the OAE result form, as well as the data gathered by the "Baah" investigator.
Main and secondary outcome measures
The main outcome measures were presence or absence of a response reported in the OAE and presence or absence of a response in the "Baah" test.
If the OAEs were absent in either ear (a "REFER" result), it was recorded as "disease positive. " The "Baah" test was recorded "test positive" if the infant failed to demonstrate any reflexive response to at least two out of three stimuli. The "Baah" test was recorded "test negative" if the infant was able to demonstrate reflexive response to at least two stimuli.
Data analysis
Data was tabulated in a 2 x 2 table comparing the test stimulus ("Baah") and the standard (OAE). (Table 1 ) Accuracy, sensitivity, specificity, positive and negative predictive values, likelihood ratios, and post-test probabilities were calculated using the Centre for Evidence-Based Medicine (CEBM) Stats Calculator. 13 The 2x2 table was analyzed using the Fisher exact test, with a P value of <0.05 considered as significant. The P value was calculated using the GraphPad Software (GraphPad Software, Inc., USA). 14 The age in days and the gender of the infants were recorded, as well as the incidence of hearing impairment based on OAE.
RESULTS
From April to September 2011, a total of 101 patients, with a male to female ratio of 1.1:1 (53 males, 48 females), were tested. The mean age was 10.33 days (range 0 to 182 days). The age distribution is shown in Figure 1 .
Test results for the 101 patients are shown in Table 1 .The sensitivity of the "Baah" test was calculated at 71.4% with a specificity of 95.7%. The positive predictive value was 55.6% and the negative predictive value was 97.8%. The P value was <0.0001, indicating that the association between the "Baah" test and OAE is statistically significant.
The likelihood ratios for positive and negative test results were 16.786 and 0.298, respectively. (Table 2) Seven out of 101 infants tested positive (i.e. with hearing impairment) with OAEs with a prevalence of 6.9% in this study population. The posttest probability for a positive "Baah" test was 55.6% and the post-test probability for a negative "Baah" test was 2.1%.
In summary, correct (true positive and true negative) diagnosis was achieved in 95 out of 101 infants giving the test an accuracy of 94%.
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DISCUSSION
The "Baah" test has a high specificity of 95.7%, which indicates a low false positive rate. Hence, infants that tested positive for "Baah" have a high probability of indeed having a hearing impairment. The rather low sensitivity of 71.4% (hence a considerable number of false negatives) and positive predictive value of 55.6% indicate that those that tested negative for "Baah" may still have hearing loss, therefore these infants need to be continually monitored for hearing milestones and parents need to be advised to watch out for any indication of poor speech and/ or language development.
The negative predictive value means that using the "Baah" test, 97.8% of those without hearing loss were correctly labeled as such.
The likelihood ratio for a positive test means that a positive "Baah" test would be about 17x as likely to be seen in someone with as opposed to someone without hearing loss.
In this study, all infants had a 6.9% probability of having hearing loss prior to the test (i.e. prevalence). After conducting the "Baah" test, a specific infant that turned out positive for the test now had a 55.6% probability of having hearing loss (i.e. post-test probability for a positive test). This value may be clinically significant to compel the health care provider to send the infant with a positive "Baah" test for further hearing evaluation. Applying this to the rural setting where OAEs are not readily available, a child that turns out positive for "Baah" test will have a more justifiable reason to be referred to the city for further hearing tests (OAEs, ABR, etc) in order to confirm whether he or she has hearing loss.
For a certain population with a higher prevalence of hearing loss (for example, infants with risk factors such as maternal rubella and use of antibiotics during the neonatal period, etc.), the probability of having hearing loss may be higher after a positive "Baah" test. Figure 2 shows the curve on how the post-test probability would increase depending on the pre-test probability of hearing loss in a specific population.
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One limitation of this study is the selection of a gold standard to confirm the diagnosis of hearing loss. At present, there is no single, true gold standard for the diagnosis of newborn hearing loss. Even if an infant passes the OAEs or ABR test, it is still not assured that the child indeed has normal hearing, as OAE and ABR are merely physiologic observations that are indirect measures of hearing. Therefore when a child passes the screening test, regardless of the specific tool used, it is advised that the infant be continually monitored for hearing milestones. 1 The most valid confirmatory tool for evaluation of hearing is a behavioral test, which is usually through pure tone audiometry to check whether the individual actually responds to auditory input. 4, 15, 16, 17 Although these behavioral techniques may be possible for children as young as 6 months old, these techniques are not always easy to perform for this age group, as proper timing and motivation to gain the child's cooperation is necessary to obtain a reliable result. 1 Despite its limitations, OAEs are still the more popular neonatal hearing screening tool. While OAEs and ABRs are both objective tests, OAE testing is less expensive and easier to administer, while ABR takes a longer time and requires the infant to be asleep. This may necessitate sedation to keep the baby in a quiet state for the duration of the test, although it is often not recommended until after five months of age. OAE results are found to be highly specific (91.8 to 99.7% specificity) with sensitivity close to 100%. 3 A local study by Llanes and Chiong also showed that the Otoacoustic Emission test had good concordance with ABR in neonates. 18 In this study, we selected OAEs as our standard for the presence of newborn hearing loss due to the reasons mentioned above. This study shows that the reflexive behavioral ("Baah") test has potential as an accurate and cost-effective screening tool to identify infants that may be at greater risk for hearing impairment, and who will need further diagnostic test in a higher level of health care institution. The ability of the test can be assessed in larger population or by field testing in a community-based study. A stronger gold standard for Figure 2 . Graph of post-test probabilities for a positive or negative "Baah" test (y-axis) given a pre-test probability for a specific group (x-axis).
In this study population, for example, the prevalence of hearing loss is 6.9%. Prior to the "Baah" test, a child has a 6.9% (0.069) probability of having hearing loss (tail end of dashed arrow). After conducting the "Baah" test, a specific infant that turns out positive for the test now has 55.6% (0.556) probability of having hearing loss (head of dashed arrow).
*
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measuring the accuracy of the "Baah" test may be used, such as retesting with OAEs or confirmation through ABR, as well as possible long-term follow-up to eventually conduct pure tone audiometry when the child is cooperative enough for a behavioral test.
The use of this test may lead to earlier detection of hearing impairment for infants in the rural communities who cannot be readily tested with OAEs or ABR. This may provide greater awareness to the community and lead to more referrals with more sophisticated screening and diagnostic tools.
Should this test be considered in community practice, the production of the sound stimulus "Baah" may be taught to community health workers during their training seminars, to be able to produce a standardized stimulus, as well as be trained to assess an infant's normal reactions to sound. It may also be worthwhile to investigate the utility of "Baah" test in combination with the evaluation of risk factors and hearing milestones of infants, which might result in a more sensitive community-based newborn hearing screening program.
